Current projects for large telescopes demand a proper knowledge of atmospheric turbulence to design efficient adaptive optics systems in order to reach large Strehl ratios. However, the proper characterization of the turbulence above a particular site requires long-term monitoring. Due to the lack of long-term information on turbulence, highaltitude winds (in particular winds at the 200 mbar pressure level) were proposed as a parameter for estimating the total turbulence at a particular site, with the advantage of records of winds going back several decades. We present the first complete study of atmospheric adaptive optics parameters above the Teide Observatory (Canary Islands, Spain) in relation to wind speed. On-site measurements of C 2 N (h) profiles (more than 20200 turbulence profiles) from G-SCIDAR observations and wind vertical profiles from balloons have been used to calculate the seeing, the isoplanatic angle and the coherence time. The connection of these parameters to wind speeds at ground and 200 mbar pressure level are shown and discussed. Our results confirm the well-known high quality of the Canary Islands astronomical observatories.
INTRODUCTION
The presence of optical turbulence in the Earth's atmosphere drastically affects ground-based astronomical observations. The wavefront of the light coming from astronomical objects is distorted when passing through the turbulence layers, the wavefront being aleatory when reaching the entrance pupil of telescopes. The result is a degradation of the angular resolution of ground-based astronomical instruments. Several techniques have been developed to compensate for the effects of the atmosphere on astronomical images trying to reach the diffraction limit, the most popular being adaptive optics (AO hereafter) systems. The larger the telescope diameter, the more difficult the proper correction of the atmospheric turbulence becomes. The excellent image quality requirements of current large and future extremely large telescopes needs the design of adaptive optic systems with the capacity of adaptability to the prevailing turbulence conditions at the observing site. A proper knowledge of the statistical behaviour of the parameters describing the atmospheric turbulence at any site is crucial for the design of efficient systems. There are three basic parameters relevant to AO design and operation: Fried's parameter (r0), the isoplanatic angle (θ0), and the coherence time (τ0). These ⋆ E-mail: bgarcia@iac.es parameters can be defined in terms of the refractive index structure constant profile (C 2 N (h)) and the vertical wind profile (V (h)) (Roddier, Gilli & Lund 1982) :
(1) θ0 = 2.914k 2 (sec ζ) 
where ζ is the zenith angle, k is the optical wave number and V0 is the average velocity of the turbulence given by:
These parameters are convenient measurements of the strength, distribution and variation of the turbulence (see Hardy 1998 for a detailed introdution to adaptive optics for astronomical telescopes).
Monitoring programs of turbulence structure at astronomical sites are therefore mandatory for obtaining the input parameters for the design and operation of efficient AO systems providing high Strehl ratios. Nevertheless, data should be obtained over decades to obtain sufficient statisti-cal significance. In order to overcome the lack of long-term information on turbulence structure at astronomical sites, winds at the 200 mbar pressure level (V200 hereafter) were proposed as a parameter for estimating the total turbulence at any particular site. This proposal is based on the hypothesis that the integrated C 2 N profile is strongly related to the peak of the atmospheric wind vertical profile, which used to be at around the altitude of the 200 mbar pressure level (Vernin 1986 ). The V200 proposal as a parameter for site AO capabilities was supported by the similar seasonal trend of the seeing and V200 at Mauna Kea and La Silla (Vernin 1986) , and the results found at Cerro Pachón and Paranal (Sarazin & Tokovinin 2002,S&T02 hereafter) , where V0 was found proportional to V200: V0 = 0.4 ×V200 (S&T02). In addition, a good correlation-of the form V0 = 0.56 ×V200-was also found above San Pedro Mártir (Mexico) using an atmospheric model to simulate a large dataset of C 2 N profiles (Masciadri & Egner 2006, M&E06 hereafter) .
Such a linear connection between V0 and V200 at any site-an assumption that is currently under discussion and being tested-would simplify the calculation of the input parameters for AO design. Henceforward, the problem could be reduced to determining statistics for the existing worldwide long-term high-altitude winds data in climatological databases. Indeed, V200 statistics has been already used as a parameter for ranking astronomical sites for their suitability for AO (Ilyasov, Tillayev & Ehgamberdiev 2000; Sarazin 2002; Carrasco & Sarazin 2003; Chueca et al. 2004; Carrasco et al. 2005; García-Lorenzo et al. 2005; Bounhir, Benkhaldoun, & Sarazin 2008) .
Despite poor empirical results connecting seeing and V200 (Vernin 1986) , the idea of a relation between image quality and high-altitude wind speed is increasingly widespread among those of the astronomical community interested in AO.
Different meteorological processes are responsible for generating turbulence in the atmosphere. The turbulence in the first kilometre above the ground level (the boundary layer) is caused by local factors (Lee, Stull & Irvine 1984) . These factors are buoyant convection processes, such as thermals rising produced by surface solar heating, and mechanical processes, such as wind shear produced by the surface friction in the wind speed or by the lee waves formed by mountains or other geographic effects (Stull 1988) . In the free atmosphere, turbulence generators are connected to the synoptic scales conditions (Erasmus 1986). The combination of both contributions will determine the quality of sites for astronomical observations. Site testing studies have reported a connection between ground layer winds and image quality (Chonis, Claver & Sebag 2009; Lombardi et al. 2007; Varela, Muñoz-Tuñón & Gurtubai 2001; Muñoz-Tuñón, Varela & Mahoney 1998; Erasmus 1986) , obtaining in general better seeing measurements for smaller wind speeds and at a prevailing wind direction.
In this paper, we study the connection of high-altitude and ground based winds to the atmosperic AO input parameters for the Teide Observatory (Tenerife, Spain) using C 2 N profiles from G-SCIDAR measurements and wind profiles from direct balloon measurements. Prieur et al. 2004; Avila et al. 2003; Kluckers et al. 1998) . Nevertheless, the G-SCIDAR technique provides wind speed measurements only where a turbulence layer is detected and we can eventually miss information due to temporal decorrelation of the scintillation and/or fluctuations of velocities during the integration time of the G-SCIDAR exposures (Avila et al. 2001) .
THE DATA
Alternatively, for this site wind vertical profiles can be obtained from a close radiosonde station placed 13 km from the OT. In Güimar (Lat: 28.46N, Lon:16.37W) on the island of Tenerife (Spain), Spain's Agencia Estatal de Meteorología (AEmet) launches radiosondes and is one of the stations of the NOAA database (Station 60018). The radiosondes are launched from an altitude of 105 metres above mean sea level and reach an altitude of about 30 km, maintaining a nearly steady rate of ascent (∼ 3 ms −1 ). The balloons provided twice-daily measurements (at 00UT and 12UT) of meteorological variables (including wind measurements) above this location, although we have only used the data from midnight. A remarkable correspondence between the turbulence layer velocities derived from G-SCIDAR at the OT and balloon measurements from station 60018 has been already reported (García-Lorenzo & Fuensalida 2006) .
We have used G-SCIDAR and balloon data for 100 nights to study relations between AO parameters and wind speeds at the OT. In order to calculate such parameters, we derived an average refractive index structure constant profile from each CC Figure 1 . The sample includes more nights in spring and summer than in autumn and winter. The reason for such a seasonal distribution has been imposed by the need to have simultaneous radiosonde and G-SCIDAR observations. Appendix A presents the C 2 N (h) and wind profiles for the 100 nights that constitute the data sample of this study. All the individual CN 2 profiles habve been corrected for dome seeing using the method proposed by Fuensalida, García-Lorenzo & Hoegemann (2008) . Appendix B presents the dates of the different nights in the dataset and the total number of individual profiles-recorded simulateously with balloon data-used to obtain the average C 2 N profiles. A linear spline algorithm has been used to interpolate wind measurements from balloons to the same altitudes as the C 2 N profiles. V200 data have been also obtained from the same radiosonde measurements. At the level of the OT, wind data measurements from a local weather station next to the telescope where the G-SCIDAR is installed have been used (hereafter V ground ). The wind speed at the OT altitude provided by the radiosondes has been replaced by V ground in the profiles for further calculations because wind measurements at this altitude can be strongly affected by orography. Figure 2 shows the mean turbulence and wind profiles derived by averaging the total number of individual profiles in the dataset. The average C 2 N (h) (derived from more than 20200 individual profiles) shows that most of the turbulence is concentrated at the observatory level. It also reveals the presence of a turbulence layer at around 8 km above mean sea level and other two turbulence features at ∼ 8.5 and 15 km (Figure 2a ). This statistical profile is in good agreement with the turbulence structure derived for a much larger database of C (Figure 2c ) shows a rotation in the wind direction from dominant southern winds at low altitude to dominant western winds at 200 mbar pressure level and coming back to southerly prevailing winds at higher altitudes above the tropopause.
DATA ANALYSIS
The data available for the OT allow us to derive representative estimates of Fried's parameter, the isoplanatic angle and the coherence time. In any case, the reader should take into account that we are using G-SCIDAR data from part of a night ( than two hours) in order to match C 2 N and radiosonde data during the balloon ascent, as we said in the previous section. Results could differ slightly using data from full nights. In order to calculate the integrals in equations 1, 2 and 4 we used the well-known trapezoidal rule. Appendix B includes the individual values of the AO parameters (Fried's parameter, theisoplanatic angle and the coherence time) at the OT for the hundred nights in the dataset. The average values for these parameters obtained including all measurements are |r0|=15.30±3.40 cm, |θ0| = 2.84 ± 1.13 arcsec and |τ0| = 5.81 ± 3.03 ms, while the median values are |r0|=14.81 cm, |θ0| = 2.56 arcsec, and |τ0| = 4.97 ms. The uncertainties indicate only the standard deviation of the averaged measurements. These statitical values for AO parameters confirm the excellent sky quality of the Canary Islands astronomical sites for AO implementations.
At this stage, we have all the necessary data to study any possible connection between wind speed and AO parameters.
Connection between seeing and wind speed
Vernin (1986) found a similar seasonal trend between seeing and V200 at La Silla (Chile) and Mauna Kea (Hawaii, USA), suggesting a possible connection between both variables. Although the V200 and seeing connection has not been yet intensively checked at any site, the unfeasible idea of identifying high-altitude wind speed with total seeing has become increasingly popular among the astronomical community. In this section we study such a possible connection at the OT, deriving the seeing from its relation to the Fried paramter: seeing = 0.98λ/r0. Figure 3 (a) presents the comparison of the mean seeing derived from G-SCIDAR profiles for the 100 nights in our dataset (see individual r0 values in Appendix B) with the V200 measurements (see Appendix B) obtained from the radiosonde for the same nights and time lapses. This figure reveals a chaotic distribution of data when comparing both variables. The Pearson correlation coefficient is close to zero, indicating that a linear relationship between seeing and V200 cannot be established at the OT.
However, a similar seasonal trend between V200 and seeing could be still possible. Indeed, the seasonal behaviour of V200 above the Canary Islands astronomical observatories (García-Lorenzo et al. 2005; Chueca et al. 2004 ) reveals that the largest V200 occurs in spring and the lowest in summer. This is consistent with the seeing behaviour reported for both the OT and the ORM sites, where the best seeing occurs in summer and the worst in spring (Muñoz-Tuñón, Vernin & Varela 1997; Muñoz-Tuñón, Varela & Mahoney 1998) . Although there are no seeing monitors regularly operative at the OT, a large database of seeing measurements from DIMMs (Differential Image Motion Monitors) is available for the ORM at the webpage of the Site Quality group of the Instituto de Astrofísica de Canarias (http://www.iac.es/site-testing/). We have obtained all the seeing data for the ORM from 1995 to 2002 and we have derived the seasonal evolution of seeing at this site (Figure 3(b) ) by averaging all the data obtained for each month. We have also derived the statistical V200 behaviour throughout the year for the same period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) ) using a reduced sample of the V200 timeserie analysed in García-Lorenzo et al. (2005) for ORM from climate diagnostic archive data. Figure 3b show the seasonal evolution of V200 in comparison with seeing behaviour for the period 1995-2002. Both seeing and V200 seem to follow a relative similar seasonal trend, as was found at Hawaii and La Silla (Vernin 1986 ).
Previous studies have also suggested a possible connection between ground layer wind (speed and direction) to seeing (Chonis, Claver & Sebag 2009; Lombardi et al. 2007; Varela, Muñoz-Tuñón & Gurtubai 2001; Muñoz-Tuñón, Varela & Mahoney 1998; Erasmus 1986) . Such a relationship between seeing and V ground seems to be present at OT (Fig. 4(a) ) although a large dispersion in the data is clear. In general, larger seeing are obtained as V ground increases. The large dispersion of the data as well as the fact that the best fit derived (seeing=0.56+0.03V ground ) is far from the origin of coordinates could be related to the role played by wind direction. Such dependency of seeing on wind direction has been reported for El Peñón in Chile (Chonis, Claver & Sebag 2009) . Looking for an enhancement of this feature, M&E06 studied the correlation between V ground and the ground layer contribution to the seeing in San Pedro Mártir. Figure 4(b) shows the comparision of wind speed at ground level to boundary layer (first km) contribution to the seeing above the OT. A clear correlation between both quantities is present, showing less dispersion than in the seeing-V ground connection. In this case, the interception of the best linear fit, boundary layerseeing =0.39+0.04V ground , is still large, suggesting that another variable (perhaps wind direction) is also playing an important role in the generation of turbulence at the boundary layer. 
Relation between isoplanatic angle and wind speed
A slow trend in the behaviour of the mean isoplanatic angle and V200 was reported for Paranal during 2000 (S&T02), although a systematic relation between wind speed and θ0 seems to be non-existant. However, the astroclimatology webpage of the ESO sites (http://www.eso.org/gen-fac/pubs/astclim/paranal/seeing/adaptive-optics/) suggests a connection between V200 and isoplanatic angle showing the largest θ0 for the smallest V200. At the OT, we do not find any linear relation either with the wind speed at either the 200 mbar level or at ground level and isoplanatic angles obtained from G-SCIDAR profiles ( Figure 5 ). The Pearson correlation coefficients derived comparing night-to-night θ0 with V200 and V ground are close to zero, indicating that there are no systematic relations. Unfortunately, we do not have a large enough database of isoplanatic angle measurements at the OT to study any seasonal connection.
3.3 Average velocity of the turbulence vs. wind speed at 200 mbar V200 was adopted as a parameter for site evaluation mainly thanks to the correlations found at Cerro Pachón (S&T02) and San Pedro Mártir (M&E06) between V0 and V200, as we already have mentioned. We explore the V0-V200 connection in detail at the OT with our large dataset. Table 1 presents the best linear fit between V0 and V200 derived for each year and including all the data. The degree of correlation found at the OT (Table 1) to pass through the coordinate origin (Table 1 ). The proportional factor between V200 and V0 ranges from 0.41 to 0.59 depending on year (see Table 1 ), giving a mean value of 0.47±0.06. This result indicates how such an approach to estimate V0 could induce large errors at the OT.
Combining all the data in the sample (100 measurements), we obtain a Pearson correlation coefficient of 0.56, indicating the degree of linear correlation between V200 and V0 ( Fig. 6(a) ). Again, the best linear fit to the total sample presents a large V0 offset in the origin (Table 1) . The fit forced to pass through the coordinate origin gives 0.47 as the proportionality coefficient, which is in agreement (assuming a dispersion of ±0.06 in this parameter) with the 0.4V200 and 0.56V200 found for Cerro/Pachón (S&T02) and San Pedro Mártir (M&E06), respectively. Figure  6 (b) presents the relative errors, (
)100%, that we would obtain when estimating V0 from V200 using the linear factor including all the nights and forcing the fit to pass through the origin derived for OT. Such an approach would induce relative mean errors of ∼38%, reaching uncertainties greater than 100% in some cases.
The turbulence characteristic altitude
The characteristic turbulence altitude gives the effective height of the dominant turbulence, increasing when the highlevel turbulence dominates. The mean turbulence height can be calculated from:
r0 and θ0 being the Fried parameter and the isoplanatic angle, respectively (Fried 1976) . As both parameters can be derived from G-SCIDAR profiles, the characteristic turbulence altitude can be calculated (see appendix B for daily measurements at OT). The meanĤ derived from the dataset is 3.87±1.30 km, suggesting that the turbulence at the OT is distributed in lower-altitude layers than in Paranal or Cerro Pachón, where the average turbulence characteristic altitude was found ∼ 6.4 km (S&T02).
S&T02 found that measurements providing errors larger than 50% with respect to V0 = 0.4 × V200 correspond to those cases when the characteristic turbulence altitude was smaller than 3 km. From the OT dataset and following the criteria suggested by S&T02, we have selected those data with an equivalent turbulence height larger than 3 km and relative errors smaller than 50% with respect to the V0-V200 proportionality derived for the OT (V0 = 0.47V200, Fig.  7(a) ). Using these cut-offs, the number of selected nights is 56. The Pearson correlation coefficient of V0 and V200 for this reduced dataset reaches 0.84, giving a proportionality factor of 0.49 when forcing the fit to pass through the coordinate origin. The resulting V200 vs. V0 diagram (Fig. 7(b) ) shows less dispersion in the data, although the best fit of this subsample is still far from passing through the origin (best fit: V0 = 3.81 + 0.30V200).
However, for 17% of the nights in the total sample, the relative error respect V0 = 0.47V200 is larger than 50% while the characteristic turbulence altitude is larger than 3 km. Calculating the cumulative C 2 N distribution, we found that for 15 of these nights, 70% of the turbulence is concentrated under 4 km. For the remaining two nights, more than 50% of the turbulence is in low-altitude layers (under 4 km). We have also noted that for 14 of these 17 nights, the wind vector suffers significant twisters (larger than 50 degrees) from the ground to the 200-mbar level suggesting than wind direction could be influencing any connection. Therefore, it seems that the linear relationship between V0 and V200 of the form V0 = A × V200 can be adopted only when the characteristic turbulence altitude is larger than around 3 km, as indicated when comparing Figures 6 and Figure 7(b) , and when the wind direction might be playing an important role to fix such an approach.
Average velocity of the turbulence vs. wind speed at ground level
We have selected the data from the total dataset with relative errors larger than 50% respect to the linear relationship V0 = 0.47V200, giving 44 nights. These data are characterized for characteristic turbulence altitudes smaller than 3 km and/or a C 2 N distribution mainly concentrated under 4 km. We have compared the V0 measurement from this subset with the mean wind velocity at ground level during G-SCIDAR observations. V ground data are measured by a weather station placed closer to the Carlos Sánchez Telescope where the G-SCIDAR data are collected. Figure 8(a) shows V0 as a function of V ground . The Pearson correlation coefficient between V0 and V ground is 0.48, the best linear fit being V0 = 0.77V200 + 5.71. As in section §3.1, we have forced the fit to pass through the coordinate origin, giving V0 = 1.74V ground . Such an approximation would induce mean relative errors (abs(
)100%) of 29%, with a maximum error smaller than 65%. Considering all the nights in the dataset, the slope of the fit passing through the coordinate origin will be 1.80, providing a mean relative error of 41% and a maximum relative error smaller than 100% (see Figure 8(b) ). This fact and the results in section §3.2 suggest that V200 and V ground could provide estimates of V0 with similar (or even bettter) uncertainties. S&T02 proposed a general formula to estimate V0 combining data from ground level and wind speed at 200 mbar pressure level: V0 ≃ Max(V ground , 0.4V200). According to results in this section and §3.2, such a connection should be of the form V0 ≃ Max(1.74V ground , 0.49V200) for the OT. This approach to estimating V0 could also induce large errors at the OT, with a mean error of 28%. Large uncertainties and the large intercepts derived for the best fits suggest that wind direction could be playing an important role in these connections.
Unfortunately, any of the relations to estimate V0 provide in many cases large errors that are incompatible with the requirements for AO systems. Therefore, the on-site measurement of turbulence and wind profiles is still crucial for optimizing future AO instruments.
Relation between coherence time and wind speed
A connection between coherence time and wind speed is expected, given that a certain degree of relation exists beween V0 and V200 or V ground . Such a relation is clearly present at San Pedro Mártir (M&E06) and the Chilean sites (S&T02). Figure 9 shows the nightly mean values of τ0 in comparison to wind speeds at the OT. The derived Pearson correlation coefficients indicate a clear inverse connection between τ0 and wind speeds. As a general trend, the larger the wind speed is at ground level, the smaller coherence time obtained. We have fit a curve of the form τ0 = B/wind, obtaining B = 20.21 and B = 95.40 for V ground and V200, respectively. Previous studies (S&T02; M&E06) actually proposed to estimate τ0 using the proportionality relation V0 = A × V200 in Equation 4. We have estimated τ0 through the general approach derived in section §3.4 to estimate V0. In this case, mean relative errors smaller than 15% can be obtained, reaching uncertainties smaller than 50% in all the nights in the dataset. According to this result, calculate τ0 from onsite seeing measurements and winds at ground and 200 mbar levels (through the general approach) provide relative good estimates of this AO parameter with acceptable uncertainties.
DISCUSSION
The wind speed at the 200 mbar pressure level has been accepted as an astronomical site evaluation parameter indicative of suitabiblity for adaptive optics. The hypothesis to propose high-altitude winds as a parameter for site evaluation was that the integrated refractive index structure constant is strongly related to the maximum wind speed in the atmosphere that is reached near the 200 mbar pressure level (Vernin 1986 ). Such a hypothesis seems not to be true at the OT for night-to-night measurements, although a similar seasonal trend between seeing and V200 exists as in Mauna Kea and La Silla. Such a hypothesis is not true at the OT in the sense that there are many nights in which the maximum wind speed in the wind vertical profile is far from the 200 mbar presseure level, or even that there does not exist a clear maximum in the profile (see wind vertical profiles in Appendix B). Only 39% of the profiles present a peak at around the 200 mbar pressure level (≈ 1500 m above or below the altitude of the 200 mbar level). Wind speed at ground level seems to have more impact on total and boundary layer seeing than V200: the larger V ground is the larger are the seeing values that are expected, although a large dispersion in the measurements is present. Orography and wind direction can have an important influence in increasing such dispersion.
V200 as a site evaluation parameter was supported by the empirical results at Cerro Pachón/Paranal (S&T02) and San Pedro Mártir (M&E06), where V0 was found to be proportional to V200 in the form: V0 = A × V200, A being a constant (A = 0.4 for Cerro Pachón/Paranal; and A = 0.56 for San Pedro Mártir). Such a relationship is very attractive as it will simplify the problem of knowing the relevant input numbers for AO that could be parameterized in term of V200. However, at the Teide Observatory such a relationship seems not to be as smooth as at the Chilean or Mexican sites. Only when the mean altitude of the turbulence is larger than 3 km, V200 seems to connect better to V0, but even in this case wind direction could have an important influence. We found similar uncertainties when estimating V0 from V200 or V ground , suggesting than both wind speeds can be used to simplify the calculation of V0 if we are able to assume errors larger than 50% in many cases. In any case, if a gross estimate of V0 is required, the use of both wind speeds (V200 and V ground ) can provide better results.
Including the wind speed, other factors (e.g. buoy- ant convection precesses, inestability phenomena, etc.) may be playing an important role in generating low/mediumaltitude turbulence (Stull 1988 ) that could be breaking the connection with V200. Moreover, changes in wind direction or wind regimes (in different seasons, for example) could have an important influence on the linear coefficient connecting V0 or seeing with V200. Indeed, many of the nights in the sample with large discrepancies with respect to a linear behaviour with V200 show significant wind direction gradients from ground to high-altitude levels (see wind direction profiles in Appendix B). The mean wind vector twist from low-to high-altitude levels at the OT (see section §2) and the result could be a break on the influence of high-altitude winds, concentrating the turbulence generators at lower altitudes than in Paranal/Cerro Pachón. Such a twist in wind directions is smoother at the Chilean sites but is more important for the Hawaiian islands (Eff-Darwich et al. 2009 ).
If wind direction changes are really playing an important role, we would expect the faintest night-to-night connection between V0 and V200 at the Mauna Kea site.
Such a break in the connection between AO parameters and high-altitude winds could be also related with the large variation of the tropopause level above the Canary Islands astronomical sites, ranging from ∼ 200 to 100 mbar depending on season (García-Lorenzo, Fuensalida & Eff-Darwich 2004) . Indeed, during winter and spring the tropopause level could be at a lower-altitude than the 200 mbar pressure level. This means that, depending on season, the 200 mbar pressure level could be in the stratosphere instead of the troposphere at Roque de los Muchachos or Teide Observatories. In contrast, the tropopause level above Paranal or Mauna Kea is always at higher altitudes than the 150 mbar pressure level (García-Lorenzo, Fuensalida & Eff-Darwich 2004) .
Despite poor empirical results, the false idea of a connection between image quality and high-altitude wind speed has become increasingly widespread among those in the astronomical community interested in AO. Unfortunately, all of the connections found between winds and AO parameters are relatively faint, and their relations could induce large errors in many cases that are not compatible with the requirements for efficient AO systems. We would like to emphasize the importance of atmospheric on-site turbulence information to evaluate the capabilities of adaptive optics and multi-conjugate adaptive optics systems. Any average or approached value is only a gross estimate of the AO input parameters. If efficient AO is required, the correction system should be prepared for a large variety of turbulence conditions that might be very different from night to night. Therefore, the measurement of turbulence and wind profiles are still crucial for optimizing future instruments with extreme AO capabilities.
In any case, we have demostrated that any factor derived at a site to simplify calculations cannot be easily generalized worldwide but should be obtained for each site. Indeed, the connections between parameters at a particular site might not be valid for any other site due to the pecularities of each location (latitude, longitude, orography, etc.). Any astronomical site evaluator should be checked carefully before any approach is adopted.
SUMMARY AND CONCLUSIONS
We have studied the connection between AO atmospheric parameters and wind speed at the ground and 200 mbar pressure levels by means of a database of 100 nights of G-SCIDAR C 2 N profiles and balloon data at the Teide Observatory. We have obtained the average profiles (C 2 N (h) and V (h)) above this site and we derived the average seeing, isoplanatic angle and coherence time that confirm the excellent conditions at the OT for AO applications. Our main conclusions can be summarized as follows.
1. The connection between night-to-night seeing and wind speed at the 200 mbar pressure level is very faint or nonexistent at the OT. However, we found a similar seasonal trend between statistical seeing behaviour and V200 that may suggest that V200 only plays a secondary role.
2. The night-to-night seeing seems to be connected to ground level winds, although a large dispersion is obtained which may be related to the influence of other factors (wind direction, buoyant convection processes, etc.).
3. A correlation between wind speed at the site level and the boundary layer contribution to seeing is found. Again, the wind direction could be a factor playing an important role in such a connection.
4. The isoplanatic angle is not connected to wind speeds, although a seasonal trend between both variables cannot be roled out.
5. The linear connection between the average velocity of the turbulence and wind speed at the 200 mbar pressure level is faint at the OT. Only in those cases where the average altitude of the turbulence is larger than 3 km can a better connection be accepted.
6. Similar uncertainties are obtained when estimating V0 from winds at ground level or from V200. In both cases, the wind direction could play an important role.
7. The coherence time presents an inverse linear connection to winds, although it shows a large dispersion.
8. Best results are obtained when combining wind speed at ground and the 200 mbar pressure level.
9. The large errors derived from any relation between AO parameters and winds are not compatible with the requirements of efficient AO systems. Moreover, such errors could be also a problem when V200 is used as a site evaluator. 10. The proper characterization of atmospheric turbulence and winds is still crucial for optimizing future instruments with extreme AO capabilities.
The results in this paper indicate that adaptive optics parameters present complex connections to wind speed.
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APPENDIX A
This appendix includes the average C 2 N (h) profiles derived from G-SCIDAR measurement from 00UT to 02UT for the 100 nights considered in this work. We also plot the wind speed vertical profile (module and direction) provide by balloons launched from an altitude of 105 meters at about ∼ 13 km from OT at 00UT. 
APPENDIX B
This appendix includes the dates and wind measurements of 100 nights distributed from 2003 to 2008 used to study the connection of the average velocity of the turbulence and high altitude winds at the Teide observatory. We have also included the number of individual profiles obtained from G-SCIDAR observations approximately during the ballon ascent period used to derive the average C 2 N profiles. We also list the computed AO parameters from the C 2 N (h) and V(h) profiles. 
